A small library of 2-aminoarenethiolato-copper(I) (CuSAr) complexes was tested as (pre-)catalysts in the arylation reaction of phenols with aryl bromides. These copper(I) (pre-)catalysts are thermally stable, soluble in common organic solvents, and allow reactions of 6 h at 160 C with low catalyst loadings of 2.5 mol %. Among the (pre-)catalysts screened, 2-[(dimethylamino)methyl]benzenethiolato-copper(I) (1c) led to the best results and provided good to excellent yields of various substituted diaryl ethers. Mechanistic studies showed that at early stages of the CeO coupling reaction the CuSAr complex is converted into CuBr(PhSAr) via selective coupling of the monoanionic arenethiolato ligand with phenyl bromide with formation of CuBr. In addition, the first results are shown involving a multi-component reaction (MCR) protocol for the in situ synthesis of propargylamines and their subsequent conversion involving a CeO cross coupling reaction. Furthermore, two examples of sequential CeO/CeS and CeN/ CeS cross coupling reactions have been carried out on the same dihalo-pyridine substrate in a one-pot process with the same (CuSAr) (pre-)catalyst (overall yields 40e80%).
Introduction
The diaryl ether unit is a common structural unit widely encountered in biologically active molecules and natural products 1 as well as in monomers for the synthesis of functional polymers. 2 This structural moiety is part of various important pharmaceuticals with antibiotic activity, such as vancomycin, 3 teicoplanin, 4 the antiviral peptide K-13, 5 the antitumoral bouvardin 6 and many others. 7 Common routes for the preparation of these ethers, i.e., through CeO bond formation, involve the classical Ullmann diaryl synthesis, 8 which however has several drawbacks related to harsh reaction conditions and stoichiometric use of the copper mediator. 9 Recently, new approaches have been developed to overcome these disadvantages, for example, through the use of organobismuth, 10 organostannane, 11 organotrifluoroborate 10b,12 reagents or arylboronic acids. 13 However, the applicability of these aryl donors is still restricted because of their limited accessibility (multi-step synthetic procedures) and other disadvantages (i.e., production of heavy metal waste).
In recent years elegant and efficient palladium-catalyzed arylations of phenols have been reported, employing commercially available aryl halides as arylating agents and in situ generated metal ligand complexes as catalysts, using either bulky alkylphosphines, 14 or pyrrol and indole 15 based monophosphine ligands.
Nevertheless, there remains a quest for low-cost alternatives involving cheaper and more abundant metals 16 and cheaper ligands (or ideally no ligands or other additives at all) 17 for large-scale and industrial applications. These are offered by copper-based protocols in which the copper salt is present in a catalytic amount. A drawback of the use of copper salts and coppereligand complexes is their generally poor solubility and stability in the commonly used organic media. 18 25 and many of these have already shown to be good (pre-)catalysts in diaryl ether synthesis. 9 In recent years we explored a class of well-defined neutral copper (I) complexes, i.e., the 2-aminoarenethiolato-copper(I) complexes (CuSAr, Fig. 1 ) 26 as (pre-)catalysts for various types of CeX bond forming reactions and have tested these as (pre-)catalyst in allylic substitution, 27 1,4-, 28 and 1,6-29 addition reactions and aromatic N-arylation 30 reactions.
The complexes have excellent solubility in a range of useful solvents. 26 In addition, electronic and physical properties can easily be fine-tuned by introducing substituents at the arene ring or the amino-functionality.
In the present study the reactivity of a small library of differently substituted 2-aminoarenethiolatoecopper(I) complexes as (pre-) catalysts in the O-arylation of phenols with aryl bromides is reported. The copper complexes studied show good catalytic activity in CeO coupling reactions affording diaryl ethers, at a catalyst loading of only 2.5 mol % within relatively short reaction times. The fate of the CuSAr pre-catalyst during initial stages of the reaction has also been studied. Moreover, we report the first experiments making use of the versatility of the CuSAr pre-catalyst to combine diverse sequential reactions on the same substrate molecule catalyzed by a single catalyst in a one-pot procedure. These experiments provided promising results for the synthesis of target molecules with interesting combinations of (hetero)aryl building blocks, starting from 2-bromo-5-iodopyridine.
Results
A series of 2-aminoarenethiolato-copper(I) complexes, see Fig. 2 , was prepared through a synthesis involving a one-pot procedure of the four steps (Scheme 1), i.e., a heteroatom directed ortho-lithiation, insertion of sulfur in the formed carbon-lithium bond, a quench with trimethylsilyl chloride resulting in the formation of the trimethylsilyl thioester, which subsequently was used in a reaction with CuCl in toluene to afford the desired 2-aminoarenethiolato-copper(I) complexes as pure materials in 67e85% yield.
26
This straightforward synthetic protocol allowed easy preparation of a series of differently substituted complexes. The various amines were chosen to test the influence of the basicity of the N-amine centre as well as of the steric constraints of the amino ortho-substituent in the ligand on the outcome of the CeO coupling reaction and the catalytic activity. The aryl ring was varied to the naphthyl ring, in order to check possible steric effects of the backbone. Moreover, various substituent patterns, meta-to the CeS bond, were tested to possibly modify the solubility properties of the resulting copper (pre-)catalyst.
The coupling of bromobenzene with phenol was chosen as a model reaction mediated by 2.5 mol % of 1c as (pre-)catalyst (Scheme 2). The solvent of choice appeared to be N-methylpyrrolidinone (NMP) at a reaction temperature of 160 C. Indeed, other solvents as dioxane, toluene, acetonitrile, which were tested at 90e110 C, and in all cases afforded the ethers in yields lower than 30% (calculated on bromobenzene) within 16 h. Only DMSO and DMF gave results comparable to those obtained for reactions in NMP, probably due to the need to achieve a reaction temperature of 160 C.
The search for an appropriate base led to a choice of cesium carbonate after a series of organic and inorganic bases had been screened (Table 1) . Soluble organic bases, for example, NEt 3 , Hunig's base, pyridine and 2,6-luitidine gave poor product yields. Likewise, moderate results were obtained with either potassium R NR'R" S Cu R = H, t-Bu, SiMe 3 R' = R" = Me, Et, -(CH 2 ) n ; n = 4, 5 31 Different aryl halides were tested under the chosen reaction conditions, but fluoro and chlorobenzene did not react (notably no formation of the arene reduction product was detected), whereas in the reaction with iodobenzene the maximum yield of diphenyl ether amounted to only 36%. Consequently further investigations were concentrated on the use of bromoarene derivatives. The library of 2-aminoarenethiolato-copper(I) complexes was tested under the optimized conditions established for the CeO coupling reaction between bromobenzene and phenol. The yield of diphenyl ether for each CuSAr (pre-)catalyst was monitored after 16 h ( Table 2) . Parent complex 1c gave excellent results ( Table 2 ; entry 1), while an increase of the basicity of the nitrogen atom in the catalyst resulted in a slight decrease of the yield (87e90%, entries 2e4). Good to excellent yields were achieved with 2-[(dimethylamino)methyl] naphthalene-3-thiolato-copper(I) 5c (74% entry 5), while the replacement of the dimethylamino group in 5c by diethylamine (6c) or pyrrolidinyl (7c) caused an increase in the yield of diphenyl ether to 93%. Introduction of substituents, on either the phenyl or the naphthyl ring did increase the solubility of the complexes but did not affect the catalytic activity in a substantial way (entries 9e14).
Further studies were carried out with 1c as the (pre-)catalyst of choice. The scope of the reaction was studied by reacting a variety of combinations of functionalized bromoarenes and phenols as coupling partners. Comparisons of the reactivity of the various substrates were obtained by comparison of the yield of the respective CeO coupling products by interrupting each reaction after 6 h (Table 3) . In all reactions total selectivity was accomplished and formation of biaryl products or isomeric diaryl ethers was never observed, while dehalogenated arenes (reduction product) appeared to be present in the reaction mixtures in amounts below 2%. Reaction of bromobenzene with electron-rich phenols resulted in the formation of the corresponding asymmetric diaryl ethers in good yields (81e90%, entries 1e4), both for para-and metasubstituted phenols.
Following a general trend in the field of CeO coupling reactions, 21 4-nitrophenol, which bears a strong electron-withdrawing NO 2 -group proved to be a less efficient substrate for the desired O-arylation reaction, even after 16 h when the product was present in a yield of 13% (entry 5), and conversion was 15% based on the starting bromobenzene. When the arylating reagent was changed from bromobenzene to meta-or para-substituted aryl bromides, just a slight decrease in reactivity and yield in product was noticed. The etherification of electron-rich bromoarene derivatives with 3,5-dimethylphenol afforded the respective diaryl ethers in good yields (79e82%, entries 11e13). The coupling of aryl bromides with either electron-donating or -withdrawing substituents, i.e., 4-bromoanisole, 4-bromotoluene and 4-bromoacetophenone, with phenol gave rise to the formation of the diaryl ethers in good yields (64e87%, entries 6e9).
More sterically hindered aryl bromides and phenols are challenging substrates which are not often tested but highly important with respect to the scope of the diaryl ether reaction. 28 Coupling partners such as ortho-disubstituted arenes or phenols commonly give quite poor results. The reactivity of the present 2-aminoarenethiolato-copper(I) (pre-)catalyst was investigated employing some of these starting materials but produced moderate results (64e65%, entries 14 and 15), in concert with results obtained with other copper(I) catalysts. 32, 33 Only traces of product were detected in the mixture of the reaction of 2,6-dimethylbromobenzene with 2,6-dimethylphenol in the presence of 1c (2%, entry 16).
Sequential CeX cross coupling reactions on 2-bromo-5-iodopyridine
In this section the starting material of choice was 2-bromo-5-iodopyridine, because of its commercial availability and good reactivity. One example is shown in Scheme 3, in which initially 2-bromo-5-iodopyridine reacts selectively with phenol on its bromide-functionality to form a new CeO bond and then, after addition of the second set of reagents, reacts on the iodide-functionality with thiophenol to form the new CeS bond. The optimized reaction conditions for the two separate couplings, CeO and CeS, respectively, appeared to be suitable for the CeO/CeS combination as well. Although the reagents were added in sequence to favor the chemoselectivity of the two coupling processes, the overall reaction was conducted in one-pot without isolation/purification of intermediates and the desired product 15 was isolated in 80% yield. Two additional side products, identified by GC/MS analysis, are the dietherification (<5%) and the dithioetherification (<10%) products, respectively.
A second example is shown in Scheme 4, following the same strategy for the synthesis of 15. At first, the CeN bond is formed between pyridine and benzylamine with high chemoselectivity at the CeBr bond. The following step is then initiated by the addition of thiophenol and a fresh portion of catalyst 1, to give the desired CeN/CeS coupled product 16 in 60% overall yield. As detected by GC/MS, the dithioetherification side-product was present in the reaction mixture in low amounts <5%. A second product was identified as N-benzyl-benzylideneamine, oxidation product of benzylamine and the reason for its formation was already recognized. 34 It is worthwhile to note that in both examples of Schemes 3 and 4, the presence of copper catalyst is required to obtained formation of products.
In preliminary experiments CuSAr (2.5 mol %) was added only at the beginning of the reaction sequences (see Schemes 3 and 4), which were carried out in one-pot without isolation or purification of the intermediates. However in these set-ups, yields of the desired products, 15 and 16, respectively, never exceeded 30%, while the yield of side products, i.e., dietherification and dithioetherification products, increased to 15e20%.
Study of the (pre-)catalyst
Analysis of the reaction mixtures had revealed the presence of a compound which could be identified as 2-[(dimethylamino) methyl]phenyl phenyl sulfide (PhSAr in Scheme 5). The formation of PhSAr results from the reaction of CuSAr with bromobenzene. This reaction was proven by an independent experiment, performed under the same conditions as the catalytic reaction, involving the reaction in NMP of bromobenzene with CuSAr in 1: 1 M ratio (see experimental). Exclusively PhSAr (and CuBr) was formed which was isolated in 80% yield. Consequently, it can be concluded that PhSAr is formed in the reaction mixture through S-arylation of the SAr-anion with bromobenzene, which is present in the reaction mixture in large excess. Experiments conducted at different temperatures (80e160 C) showed that PhSAr is only formed at reaction temperatures !100 C. This result shows that in fact the 2.5 mol % of the 2-aminoarenethiolato-copper(I) complex is converted into an equimolar mixture of PhSAr and CuBr. Obviously, this in situ formation of the CeS coupling product PhSAr (and consequently CuBr) leads to a copper salteligand combination, which affects positively the catalytic CeO coupling process. The CeO coupling reaction was also performed with pure CuBr (2.5 mol %) and additional, preformed, PhSAr (2.5 mol %) instead of the pre-catalyst CuSAr. Under the same conditions, the reaction gave a lower yield of diaryl ether of 87% (vs 98% with CuSAr). This underlines the positive influence of PhSAr as a ligand, and the presence of a more complicated catalytic system as well. Indeed it shows that the in situ formation of the [CuBrePhSAr] complex from the pre-catalyst CuSAr and the substrate PhBr is more efficient than the combination reached via pure CuBr and PhSAr separately.
The different results of the CuSAr-and CuBr-catalyzed reactions strongly suggest that the S-coupling product PhSAr apparently acts as suitable N,S-ligand for the CuBr formed in early stages of the reaction. To verify this hypothesis and study in more detail the effect of PhSAr, we sought independent proof for the formation of possible complexes between PhSAr and copper.
A mixture of only CuSAr (2.5 mol % respect to bromobenzene) with bromobenzene (reaction of 30 min, 120 C, Scheme 5) was studied by mass spectrometry (FIA-ESI-MS, Flow Injection Analysis-Electrospray Ionization-Mass Spectrometry). The main peaks displayed by the positive ESI-MS spectrum matched with those in the spectrum of pure PhSAr confirming the presence and formation of the S-coupling product. In addition the presence of two adducts was observed, one with a 1:1 [CuPhSAr] þ and another one with
þ ligand-to-copper molar ratio, each displaying the characteristic isotopic distributions for their molecular cations (Scheme 6).
Attempts to prepare independently and isolate these 1:1 (17) and 2:1 (18) ligand-to-copper complexes appeared to be difficult and in the case of the 1:1 complex did not result in the isolation of a distinct, pure complex. Therefore the nature of the 1:1 complex (17) was studied on in situ formed material.
Pure PhSAr and the reaction mixture of the reaction of PhSAr with CuBr in 1:1 M ratio (reaction of 180 min, 120 C) in DMSO-d 6 35 were both analyzed by 1 H NMR spectroscopy (see Experimental).
The 1 H NMR spectrum for PhSAr showed a clear pattern, with a singlet resonance at 2.13 ppm for the methyl protons, another singlet resonance at 3.48 ppm for the benzylic protons and a multiplet pattern for the aromatic protons (7.15e7.43 ppm). The 1 H NMR spectrum of the reaction mixture of PhSAr with CuBr showed a similar pattern to the previous spectrum, but revealed down-field shifts, commonly observed upon ligand coordination to a metal, for the methyl protons (Dd¼0.17 ppm), for the benzylic protons (Dd¼0.05 ppm) and a different pattern for the aromatic protons. These NMR data pointed to the presence of a [CuBrePhSAr] species in solution (Scheme 6).
Independent preparation of the 2:1 complex (18) 
Discussion
The present study shows that, with 2-aminoarenethiolatocopper(I) complexes as (pre-)catalyst and starting from aryl bromides, the desired diaryl ethers are formed in yields of 50e98%. The scope of the reaction is quite broad, and tolerates arene substituents ranging from electron-withdrawing to electron-donating groupings in ortho-, meta-and para-positions, on both the phenol and the aryl bromide derivatives. The protocol developed involves a low loading of the cheap metal copper (only 2.5 mol %) and leads to a clean and selective formation of the diaryl ether product, as no side products were detected beside starting materials, which could be recovered at the end of the reaction. Limitations of the present protocol regard the rather high reaction temperature (160 C) and lack of coupling when the phenol bears an electron-withdrawing group on the ring.
Competitive reduction of the aryl halide to the corresponding dehalogenated arene, the formation of isomeric biaryl compounds via substitution through an eliminationeaddition mechanism and the reductive homocoupling of the aryl halide (Scheme 7) 13a, 21a,41 are commonly encountered features in the Ullmann biaryl ether synthesis. However, it is worth mentioning that in our studies (Tables 2 and 3 ) using the optimized protocol, high selectivities were accomplished. Formation of biphenyls and isomeric diaryl ethers were not observed, while dehalogenated arenes were detected only in trace amounts (<2%).
Up to now the reported copper-catalyzed biaryl ether syntheses use a copper source in amount of 5e10 mol % and a suitable ligand in 10e20 mol % with reaction temperatures ranging from 80 to 150 C and reaction times from 16 to 24 h 22,23, 32 An obvious difference is the fact that whereas our catalytic protocol tolerates a lower loading of 2.5 mol % of the copper-catalyst, a reaction temperature as high as 160 C is still needed. Moreover, while commonly aryl iodides show higher reactivity than bromides and chlorides, in our case aryl bromides are the most reactive partners for the coupling. This can be an indication that the use of 2-aminoarenethiolato-copper(I) complexes as (pre-)catalyst causes a substantial shift in the mechanistic pathway of the CeO coupling process.
32a,42
As the coupling reaction shows a preference for bromide anions, the nature of the halide anion present in the reaction mixture also plays a fundamental role. It is noteworthy that in contrast to bromide (and chloride), iodide ions stabilize the copper atom in its þ1 oxidation state. 18, 43 These observations seem to support a mechanistic pathway in which the oxidation state of the copper changes throughout the catalytic cycle, rather than a mechanistic proposal in which the copper centre maintains its þ1 oxidation state. 
Proposed mechanism
In Scheme 8 a reaction sequence for the present reactions between arene alcohols and arene bromides is proposed following the proposal put forward by Buchwald et al. 45 The catalytic cycle starts with the formation of the PhSAr ligand and CuBr. The arene alcohol is then converted into a metal phenolate/ cuprate-like intermediate [Cu(OR)L]. Activation of the aryl bromide occurs via its coordination to the copper centre allowing inner electron transfer from the copper(I) centre to the aryl moiety. Concomitant CeO coupling via a concerted process inside the aggregate would then lead to the formation of the coupling product AreOR. 13a, 46 The role of the S-and N-donor atoms of the PhSAr ligand during the coupling process is not clear yet but it is obvious that the PhSAr is a versatile ligand that can act as monoor bidentate ligand supporting the switches of the oxidation state of the copper centre during this coupling process.
Conclusions
In the present report the preparation of a new library of aminoarenethiolato-copper(I) complexes was described, including a variety of thiolato-ligands derived from diverse amine derivatives and aryl and naphthyl backbones. It was found that prior to the CeO coupling reaction the CuSAr catalyst is converted into a CuBr(PhSAr) complex via selective coupling of the monoanionic arenethiolato ligand with phenyl bromide. A mechanistic sequence in which this complex subsequently catalyzes the CeO coupling reaction has been proposed. The present results also show that CuSAr 1c is an interesting pre-catalyst for one-pot sequential reactions. Indeed, its high solubility, good catalytic activity and chemoselectivity towards Br-or I-functionalities in CeO/CeN and CeS couplings, respectively, are important features. In these sequential multistep reactions there was no need for work-up after the first step, allowing a simple synthesis of the products.
Experimental

General remarks
All reactions were performed using Schlenk techniques under an inert atmosphere unless stated otherwise. Chemicals were purchased from Across or Aldrich. Solvents used in the catalyst syntheses were carefully dried and distilled prior to use. Solvents used for catalytic tests were used as received. Chlorotrimethylsilane was distilled and passed through basic alumina prior to use. 1 H and 13 C{ 1 H} NMR spectra were recorded on a Varian Inova 300 MHz spectrometer at 298 K unless stated otherwise. The chemicals shifts (d) are presented in parts per million referenced to residual solvent resonances. Gas chromatography analyses were performed on a PerkineElmer Clarus 500 GC equipped with an Alltech EC-5 column (30 mÂ0.32 mm IDÂ0.25 mm). Elemental analyses were performed by Kolbe, Mikroanalytisches Laboratorium, Mühlheim/Ruhr, Germany. MS measurements were carried out on an Applied Biosystems Voyager DE-STR MALDI-TOF MS and on SCIEX API 150 EX FIA-ESI mass spectrometer with positive ion electrospray.
General procedure for the etherification-catalytic tests
The catalytic tests were performed using standard Schlenk techniques. In a general procedure, the Schlenk tube was charged with the base (5.50 mmol) and solid substrate. Liquid reagents (aryl halide: 5.00 mmol; phenol: 6.50 mmol) and solvent (1 mL) were then added and finally the copper(I) catalyst was added (0.125 mmol). The reactor was kept under inert atmosphere and placed, under stirring, in a preheated oil bath at 160 C for 6e16 h. Subsequently, the reaction mixture was allowed to cool to room temperature and diluted with acetonitrile (5 mL) and dihexyl ether (100 ml, 0.425 mmol) was added as external standard. All samples were analyzed by gas chromatography to obtain the data presented. The reaction mixture was filtered through a plug of Celite, the solvent removed in vacuo to yield the crude product, which was purified by silica gel chromatography. For the library of (pre-)catalysts, see: Sperotto, E.; van Klink, G.P.M.; de Vries, J.G.; van Koten, G. Tetrahedron. 2010, 66, 3478e3484.
2-Phenoxy-5-phenylsulfanylpyridine (15).
A reaction vessel was first charged with Cs 2 CO 3 (0.36 g 1.1 mmol), 2-bromo-5-iodopyridine (0.284 g, 1.00 mmol), phenol (94 mg, 1.00 mmol) and DMSO (0.5 mL) was then added. The aminoarenethiolatocopper(I) complex 1 (6.0 mg, 0.025 mmol, 2.5 mol %) was then added and the reaction mixture heated at 160 C for 16 h, with good stirring. Afterwards, the heating was stopped, the reaction vessel cooled down and K 2 CO 3 (0.152 g, 1.1 mmol), thiophenol (0.11 g, 1 mmol) and a fresh portion of 1 (0.006 g, 0.025 mmol, 2.5 mol %) were added to the reaction mixture. The heating (160 C) and stirring were again started for 16 h, after which the reaction was stopped. Isolation of the crude product (yield 80%) was performed by washing the mixture with NaHCO 3 (1 N)/ pentane (4Â50 mL), drying over MgSO 4 and, after filtration, removing the solvent in vacuo. The product was purified by column chromatography on silica gel (eluent: ethyl acetate/hexane 1:4), to give the product as colorless oil (yield 75% 
N-(5-Phenylsulfanylpyridin-2-yl)benzylamine (16).
A reaction vessel was first charged with K 2 CO 3 (0.45 g, 3.57 mmol), 2-bromo-5-iodopyridine (0.85 g, 2.98 mmol), benzylamine (0.38 g, 3.57 mmol) and DMSO (1 mL) was then added. At last, the aminoarenethiolato-copper(I) complex 1 (17.0 mg, 0.0739 mmol, 2.5 mol %) was added and the reaction mixture heated at 160 C for 16 h, under good stirring. Afterwards, the heating was stopped, the reaction vessel cooled down and K 2 CO 3 (0.45 g, 3.57 mmol), thiophenol (393 mg, 3.57 mmol) and a fresh portion of CuSAr 1 (17.0 mg, 0.0739 mmol, 2.5 mol %) were added to the reaction mixture. The heating and stirring were started again for 16 h, after which the reaction was stopped. Isolation of the crude product (yield 60%) was performed by washing the mixture with NaHCO 3 (1 N)/pentane (4Â50 mL), drying over MgSO 4 and, after filtration, removing the solvent in vacuo. The product was purified by column chromatography on silica gel (eluent: ethyl acetate/hexane 1:5), to give the product as colorless oil (yield 54% (a)A solution of t-BuLi (17.0 mL, 1.5 M in pentane, 25.5 mmol, 1.1 equiv) was added to a solution of N,N-dimethylbenzylamine (3.00 g, 22.18 mmol, 1 equiv) in dry pentane (60 mL) at room temperature, under nitrogen atmosphere. After stirring the orange solution overnight, the solvent was removed in vacuo and cold THF (0 C, 40 mL) was added an ice bath was used to maintain the low temperature. The resulting brown solution was stirred for 1.5 h, then 1,2-diphenyl disulfane (5.567 g, 25.5 mmol, 1.1 equiv) was added and the reaction mixture turned to a grey turbid colour. The stirring was kept for 1.5 h, when the ice bath was removed. The reaction mixture was stirred for additional 30 min, after that 15 mL of demineralized water were added and the stirring maintained for 30 min. The mixture was washed first with brine, extracted with diethyl ether, dried over MgSO 4 and concentrated in vacuum to obtain orange oil. Crude yield: 5.6 g, 90%.
The crude product was purified via silica gel column chromatography (eluent: hexane/ethylacetate 5:1) to obtain the pure product as yellow oil. (b) Following the general procedure for a catalytic test, a reaction mixture was prepared, which contained NMP (1 mL), bromobenzene: (5 mmol, 527 ml), internal standard dihexyl ether (100 ml, 0.42 mmol) and CuSAr complex (5 mmol, 1.149 g). Product: 2-[(dimethylamino)methyl]phenyl phenyl sulphide (PhSAr). GC yield: 80%.
Catalytic test with CuBr and PhSAr.
Following the general procedure for a catalytic test, the reaction mixture was prepared using freshly prepared CuBr (17.9 mg, 0.125 mmol) and PhSAr (28.7 mg, 0.125 mmol) instead of CuSAr as pre-catalyst. All the other conditions were kept (160 C, 16 h, base Cs 2 CO 3 , PhBr and PhOH) as previously described. The reaction mixture was analyzed by GC (dihexyl ether as internal standard) and showed a yield of diaryl ether of 87% (vs 98% with CuSAr pre-catalyst). 
